Abstract：An efficient meshfree method based on a stabilized conforming nodal integration method is developed for elastoplastic contact analysis of metal forming processes. In this approach, strain smoothing stabilization is introduced to eliminate spatial instability in Galerkin meshfree methods when the weak form is integrated by a nodal integration. The gradient matrix associated with strain smoothing satisfies the integration constraint for linear exactness in the Galerkin approximation. Strain smoothing formulation and numerical procedures for path-dependent problems are introduced. Applications of metal forming analysis are presented, from which the computational efficiency has been improved significantly without loss of accuracy.
Introduction
Meshfree methods can be classified collectively as a Galerkin meshfree method [1] [2] [3] [4] [5] , a Petrov-Galerkin meshfree method [6] [7] , or a collocation meshfree method [8] [9] [10] .
Gauss integration is commonly used in Galerkin meshfree methods for integration of weak form. Due to the complexity involved in Gauss integration for Galerkin meshfree methods, attempts have been made to develop nodal integration methods for meshfree computation.
The objective of this study is to develop a stabilized conforming nodal integration (SCNI) for the Galerkin meshfree method to achieve higher efficiency with desired accuracy and convergent properties. A strain smoothing stabilization is used to compute nodal strain by a divergence counterpart of a spatial averaging of strain. This strain smoothing avoids evaluating derivatives of meshfree shape functions at nodes and thus eliminates spurious modes. That is, in this study, a strain smoothing stabilization is implemented as a means to meet integration constraints and to provide a stabilization for nodal integration. SCNI not only yields a significant reduction in computational cost, it can also achieve a higher accuracy [1] due to the satisfaction of integration constraints. In this paper, the history-dependent problems with applications to metal forming problems are investigated and also several metal forming problems are demonstrated.
Stabilized conforming nodal integration 2.1 Meshfree shape function
The approximation methods most widely used in meshfree methods are the moving least-squares(MLS) approximation, partition of unity method (PUM), and the reproducing kernel (RK) approximation [7] . 
where        is a kernel function with compact support "", dI is the coefficient of approximation(generally not a nodal
 is the vector of monomial basis, NP is the number of particles, and    is the meshfree shape function. A meshfree shape function and domain discretization is illustrated in Figure 1 . This meshfree shape function was constructed based on reproducing conditions and therefore is capable of exactly representing nth order monomials (th order consistency): proposed by [1] as:
Introducing shape function for displacement into Eq. (6) leads to Introducing nodal integration in the weak form using the assumed strain field based on strain smoothing stabilization of Eq. (7) is called the stabilized conforming nodal integration (SCNI) [1] . Introducing a Lagrangian shape function 
Strain smoothing stabilization for path-dependent problems
Applying similar procedures to the incremental variational equation of Eq.
(9), the resulting stiffness matrix and force vector can be obtained as: exhibit substantial difference in nodal density (Figure 3(a) ). Spatial instability and non-physical necking are suppressed and corrected by the SCNI (Figure 3(b) ).
Stretch forming
The problem is described as shown in The SCNI method yields results very similar to that of the Gauss integration, and therefore only the deformation obtained by SCNI is shown in Figure 7 .
The CPU time for SCNI is only 10% of that required in the Gauss integration method. 
